This document contains supplemental material documenting the equilibrium formulation for the pyroxene-majorite transformation implemented in the convection code, a technical discussion of the transition temperature between equilibrium and nonequilibrium phase transformation based on the slow diffusion laboratory results of van Mierlo et al. (2013) and documentation of the composite rheology used in the convection modeling. We also include the phase diagram for the olivine-wadsleyite-ringwoodite transformation adapted from Frost (2008) .
Supplemental Material
This document contains supplemental material documenting the equilibrium formulation for the pyroxene-majorite transformation implemented in the convection code, a technical discussion of the transition temperature between equilibrium and nonequilibrium phase transformation based on the slow diffusion laboratory results of van Mierlo et al. (2013) and documentation of the composite rheology used in the convection modeling. We also include the phase diagram for the olivine-wadsleyite-ringwoodite transformation adapted from Frost (2008) .
Equilibrium Pyroxene-Majorite Transformation
For the pyroxene to garnet-majorite transformation, we use a parameterized equilibrium thermodynamic formulation that assumes a 50:50 mixture of pyrope and pyroxene as a starting point using parameters from Stixrude and Lithgow-Bertelloni (2011) . The formulation is as follows. For the Gibbs free energy, G, we have
where P and T are pressure (in GPa) and temperature (in K). The mole fraction of majorite, Y, is then given by
and finally density (in kg/m 3 ) is given by 
This is shown in Fig. S2 where we have scaled the density by ∆T . To assess the effect of slow diffusion of majoritic garnet on the phase transformation at low temperatures, we applied a hyperbolic tangent function to Equation (3) as follows
where T trans is the transition temperature below which slow-diffusion occurs.
Transition Temperature
In order to model the effects of pyroxene metastability, we use a critical transition temperature. Below this temperature, pyroxene is considered to remain metastable up to a pressure of 18 GPa whereas above the transition temperature it is considered to transform rapidly to majoritic garnet. For comparison, in the case of the olivine-spinel transformation, the transition temperature has been estimated to be 900-950 K (Rubie and Ross, 1994) . For the majorite-forming reaction, relevant diffusion coefficients can be determined as a function of temperature from the activation energy and the preexponential factor determined by van Mierlo et al. (2013) . Diffusion distances are then calculated assuming a timescale of 3 My for the descent of a slab through the transition zone and are compared with the expected grain size of 5-10 mm -which gives the diffusion distance required for complete transformation. Diffusion distances thus calculated are 60 µm at 1000 K, 0.2 mm at 1200 K, 0.5 mm at 1300 K and 1.2 mm at 1400 K. Based on these results, we assume for most calculations that the transition is 1200 K because this results in an extent of transformation that is finite but small compared with the expected grain size. However, this value is on the conservative side and a value of 1300 K would also be reasonable. Using the latter would produce even stronger buoyancy/stagnation effects than are documented for 1200 K.
Composite Rheology
Following Hirth and Kohlstedt (2003) we define the effective viscosity as,
where A is a pre-exponential factor, n is the stress exponent, d is the grain-size, p is the For diffusion creep, also called a linear rheology or Newtonian rheology, the stress exponent is one (i.e., n=1) and thus, the strain-rate-dependent term is always 1.0. The diffusion creep mechanism is a function of grain size (Hirth and Kohlstedt, 2003) .
Following Billen and Hirth (2007) we modify the activation volume for the lower mantle to be  1.5 10 6 m 3 /mole and modify the pre-exponential term so that there is a factor of 30 increase in lower mantle viscosity.
Dislocation creep, or power-law or non-Newtonian rheology is given by the same equation above (eqn 8), except that now the stress exponent is greater than 1 (i.e., n=3.5) and is independent of grain size (p=0). Following Billen and Hirth (2007) we define the composite rheology,
where   dif is diffusion creep rheology and   disl is dislocation creep rheology. This weighted average is only used in the upper 400 km, as below this depth, the mantle is seismically isotropic and this suggests that diffusion creep dominates (King, 2007) . For numerical stability we truncate the viscosity so that the maximum viscosity is no more than 10 5 times the background viscosity. This has been shown to be large enough viscosity contrast that truncation of larger viscosities does not affect the resulting flow (King, 2009 ). Figure S1 : Phase diagram for the olivine mantle component as implemented in our subduction calculations. Light green is olivine, dark green is the 'transition zone' (wadsleyite and ringwoodite) and orange is the bridgmanite plus ferropericlase component. Figure S2 : Relative density of the pyroxene-garnet phase transformation scaled by ϱαΔT using equations (1)-(6). The non-equilibrium version is created by applying a hyperbolic tangent function to equation (7) 
